This article reports on the histologic findings from a larger study that was designed to investigate whether the attachment of scar tissue to underlying bone* which is normally found after palatal surgery, can be prevented by using biodegradable poly-(L-lactic) acid membranes. Von Langenbeck's procedure was simulated in 12-week-old beagle dogs without clefts. In one group normal wound healing was allowed. In two groups, membranes were inserted immedi ately after surgery or 3 weeks thereafter. Sham and control groups were also included. Histologic evaluation was carried out at regular intervals. Reports have been published on other aspects, such as clinical wound healing, contraction and maxillary arch development in beagle dogs following this treatment. After direct impiantation of membranes, wound healing was retarded. Disintegration of the membranes started soon after implantation and remaining particles were surrounded by a fibroblastic sheath and a fibrous capsule. At sites where mem brane particles persisted, attachment of the scar tissue to the underlying bone by Sharpey's fibers was prevented. 
(Gabbiani and Ryan, 1971; Dabelsteen and Kremenak, 1978).
Later, epithelial cell proliferation is the predominant factor in wound healing. Besides wound contraction, the newly formed scar tissue might also be a principal factor for growth distur bances (Ross, 1987) Our study was designed to evaluate the effect of a biocom patible and biodegradable membrane on the prevention of scar tissue attachment to the palatal bone. The membrane functions as a temporary barrier between the mucoperiosteum and the palatal bone in order to facilitate undisturbed transverse max illary dental arch development. To achieve this goal, poly-(L-lactic) acid (PLLA) membranes were prepared by an immersion precipitation technique and inserted, either directly after surgery, or 3 weeks later when wound healing was
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completed. Wound healing and tissue reactions were clinically and histologically evaluated.
M a t e r ia l s and M e t h o d s

Surgical Procedure
A total of 38 beagle dogs were assigned to five groups: one control group (C, n = 4), in which no surgery at all was per formed, and four experimental groups (L, n = 8; LS, n = 4; LMD, n = 16; and LMI, n = 6). Animals in all groups received a hard diet during the whole experimental period. Palatal surgery according to Von Langenbeck was simulated in all experimental groups at 12 weeks of age, which is approxi mately 5 weeks after completion of the deciduous dentition, and 6 weeks prior to the transition to the mixed dentition (Kremenak Jr, 1967). The animals of the control group were also 12 weeks of age at the start of the experiment. The design of the study is shown in Table 1 .
Prior to surgery, the animals were premedicated with 0.5 mL Thalamonal (fentanyl 0.05 mg/mL + droperidol 2.5 mg/mL) and 0,5 mL Atropine (atropine Sulfate 0.5 mg/mL). Subse quently, they were placed under general anesthesia with an intravenous injection of 15 mg/kg Nesdonal® (thiopental sodium 50 mg/mL). After intubation, anesthesia was main tained with Ethrane® The dentition and oral mucosa were cleaned with chlorhexidine gluconate 1% in water followed by injections o f Xylocaine® (lidocaine hydrochloride 0.4 mg/mL + adrenaline 1:100,000) in the palatal mucope riosteum to prevent excessive bleeding during surgery.
An elliptical soft tissue defect was made surgically in the midline region of the palate, by incising and removing a mucoperiosteal flap that had a width of one-third of the transverse distance of the first deciduous molars and extended distally from the cuspids to the region of the hard palate dis tal ly of the third deciduous molars. Additionally, relaxation incisions were made on both sides of the palate parallel to the posterior dental arch at a distance of 2 to 3 mm from the teeth. With a raspatory, the palatal mucoperiosteum was elevated and mobilized» carefully avoiding damage to the major palatine neurovascular bundle. The two mobilized mucoperiosteal flaps were repositioned in the midline region of the palate and sutured with Vicryl 4 -0 , thus closing the soft tissue defect. Consequently, denuded bony areas were left in the lateral regions of the palate (Fig. 1) . For a detailed FIGURE 1 Schematic drawing of the palate and the surgical procedure. A mucoperiosteal flap was removed in the midline region of the palate and two relaxation incisions were made. The remaining palatal mucope riosteum was elevated, repositioned, and sutured in the midline.
♦The animals were sacrificed in pairs. Poly-(L-lactic) acid membranes were manufactured by immersion precipitation (Strathmann, 1979; In de Braekt, 1991). In order to prepare flat membranes, a 5% w/w poly-(L -lactic) acid solution in a mixture of chloroform and toluene (60/40 w/w) was prepared at room temperature. From this solution, films with a thickness of 400 |xm were cast on a glass plate using a so-called "Doctor's blade," a type of knife like that used to remove excess ink from an engrav ing. Immediately after casting, the films were immersed into a methanol bath to precipitate the polymer. In this immersion precipitation process, a membrane with a highly porous structure was formed. The mean thickness of the membrane was 110 |xm. The pores in the membrane are extensively interconnected and have diameters in the range of 0.5 |xm to I |jum. Prior to use, the poly-(L-lactic) acid mem branes were rinsed for half a minute in \% chlorhexidine gluconate in water for disinfection, followed by half an hour in sterile physiologic saline.
Group LMD animals had poly-(L-lactic) acid membranes implanted directly after surgery. The membranes were cut to shape with a pair of scissors and were placed on the bone and a few millimeters underneath the wound margins. The mem branes were glued to the wound margins with Histoacryl (Cyanoacrylate) to prevent shifting during wound healing. The wound defect was left open to heal by secondary intention. Group L was regarded as the sham group for Group LMD to determine the effect o f the surgery itself.
In animals o f Groups LS and LMI, wound healing was allowed for 3 weeks. Then, under general anesthesia as described above, a transverse incision of approximately 7 mm was made in the cuspid region at both sides of the palate in both groups. With a small raspatory, the scar tissue of the former denuded bony areas was elevated from the bone.
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Cleft Palate-Craniofacial Journal, July 1995, Vol. 32 No. 4 In animals of Group LMI, disinfected PLLA membranes, shaped with a pair of scissors, were moved underneath the ele vated scar tissue. The incisions were sutured with Vicryl 4-0. In Group LS animals the elevated scar tissue was reposi tioned and the remaining incision was sutured with Vicryl 4-0. Group LS was used as the sham group for group LMI to eval uate the effect of incising, elevating, and repositioning scar tissue in the former denuded bony areas.
All experimental animals were medicated with 1 mL of Albipen 15% (ampicillin anhydrate 150 mg/mL) immedi ately after surgery, and maintenance doses of 1 mL Albipen LA (ampicillin anhydrate 100 mg/mL) the second and fourth day postoperatively. Wound healing was observed clinically at regular intervals until completion.
For histologic evaluation, the animals were sacrificed in pairs (see Table 1 ). After premedication with Thalamonal, the animals were placed under general anesthesia using 30 mg/kg Narco vet, after which 0.5 mg/kg heparin (Thromboliquine) was adminis tered. After 3 to 5 minutes, a lethal dose of Narcovet was injected intravenously. The vascular system was perfused with physiologic saline, followed by 4% neutral formaldehyde as a fixative. After perfusion, the maxillae were dissected and immersed in 4% neutral formaldehyde for another 2 weeks. They were then sawed into smaller blocks, which were decalcified in 20% formic acid and 5% sodium citrate, dehydrated, and embedded in Paraplast. Serial frontal sections of 7 \im were prepared and stained with hematoxylin and eosin for general survey. Selected sections were stained according to Taenzer 
R e su l t s
Clinical Observations
The wound healing process, in experimental groups L, LS, and LMI in which initially no membrane was placed, was normal and uncomplicated in the first 3 weeks after surgery. Initially, the wound margins were red-colored and a fibrin clot was evident. After 1 week, the wound surface area ha clearly become smaller due to wound contraction and epithc lialization. The opposite wound margins fused in the mic die, or somewhat medially, to the former denuded bony are after 2 weeks; smooth scar tissue remained without palats rugae. The midline region of the palate showed a thin lin of scar tissue.
In animals of Group LMI, 3 weeks postoperatively (i.e, after wound closure was completed) the scar tissue was incisei and elevated from the bone and membranes were implanted The remaining small transverse incision in the cuspid regioi closed without complications within 1 week. The same hel< true for Group LS. The animals of group LMD, in whicl implantation of the membranes was performed directly afte: Von Langenbeck's surgery, showed a slower wound healing than the animals of Groups L, LS, and LMI. Postoperatively mild inflammatory reactions were apparent in approximate^ 80% of the animals of Group LMD, The wound margins were red-colored and somewhat swollen. The membrane was vis ible through the coagulum. Wound contraction and epithelialization reduced the wound surface area. At the end of the first week, fusion of the wound margins had begun at the cau dal and proximal regions of the defect. After 2 to 3 weeks, the epithelium had become continuous over most of the surface of the former wound. Some mild inflammatory signs were still present in most of the animals after 4 weeks.
At the end of the observation period (i.e., 24 weeks post operatively) all wound defects were closed and smooth scar tissue was present.
Histologic Observations
Group C (n = 4)
The superficial layer of the palatal mucoperiosteum consisted of parakeratotic stratified squamous epithelium with many villi protruding into the underlying connective tissue. The con nective tissue layer, immediately below the epithelium, con sisted mainly of a three-dimensional network of coarse collagen Type I fibers. In deeper layers, sagittally oriented collagenous fibers became more predominant and elastic fibers were ran domly distributed, especially near capillaries and larger blood vessels. Throughout the mucoperiosteum, sagittally oriented large blood vessels and sinuses were present in the deeper lay ers of the connective tissue (Figs. 2 and 3) . Between these sinuses, the major palatine arteries and branches of the pala tine nerves were located at the lateral aspect of the palate.
In the 18-week-old animals, the periosteal layer was thick and cell rich. Active osteoblasts were found on the whole sur faces and in the midpalatal suture, depositing trabecular bone. In animals 27 weeks of age, the periosteal layer was restricted to a thin cellular layer consisting mainly of resting osteoblasts. The fibrous layer of the periosteum was attached to the under lying bone by thin collagen Type I fibers. The palatal bone was lamellar and bone deposition was not found on the palatal bone nor in the midpalatal suture. : yyyyyyàwyyyyyyy-yyyy;y ■^.yy^yyyyM yyyyyyyyyy:ŷ . yy mm
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• (Fig, 6) . located in the } palate showed a normal appearance. A covered the bone and trabecular bone depo sition was found along a resting line which demarcated the bone areas, however, apart from osteoblastic bone some gen Type I fibers were embedded in the palatal bone as S harpey's fibers. Formation of collagenous fibers in the cer-V 1 C Í i2ament was observed, These rs were embedded in the cementum and fanned out into the gingiva and palatal connective tissue. In some cases, ace in the cervicopalatal * socket. S even weeks after surgery, at 19 weeks of age, the epithe lial layer in the former denuded bony areas was somewhat thicker than in earlier stages, but it was still thinner than in / : * n anim at age. *s were was still predominant. The rate of tra becular bone deposition had decreased, but some active osteoblasts were still present in marrow spaces. Sharpey's fibers areas were more fibers were fanning out into the deeper layers of the mucope riosteum. The connection of the gingival tissue to the alveo lar bone was was at 25 weeks of age i was st * in the normal mucoperiosteum, but elastic fibers were still absent.
in the was found on the entire surface of the palatal bone. Only were present, out were seen to the palatal mucoperiosteum and the scar tissue. In some cases, :i t£\r\r> * \ K asts were D t * in of the alveolar socket with corresponding bone resorption.
Group LS (n ~ 4)
At 19 weeks of age, 7 weeks after and 4 weeks after severance of i FIGURE 6 Two weeks after surgery, the epithelium over the formerly denuded bony ar eas was continuous and consisted of parakeratotic, stratified, squamous epithelium (E). The epithelium was thinner and covering the normal mucoperiosteum. GT = granulation tissue, P = palatal bone, H and E staining, magnification 45X. was more or of Group L in the same stage. The newly formed connective era! parts of this connective tissue and at the border of the Type I 1 was fibers were found. Also in these areas showed mostly the same features as in Group L. However, at areas, be observed, as was described for the animals in Group L al this stage. Some active osteoblasts were still present in mar row spaces and the rate of trabecular bone deposition had decreased. No Sharpey's fibers were found. A resting line was observed as described for the animals in Group L.
Thirteen weeks after initial surgery, at 25 weeks of age, the is were cor However, between the previous and current stage, bone depo sition was evident as demarcated by the resting line. Simul taneously, Sharpey's fiber formation was observed at the 2rs. n bony areas, no Two weeks alter surgery, at 14 weeks of age, in most sam ples the epithelial layer was continuous, although in some cases cellular infiltrates penetrating the wound defect were still ■ s were present. The PLLA fragments were the same size as in the previous stage, but in most cases, they were displaced medially and consisting of macrophages, lymphocytes, and plasma cells, -Croniofacial journal, Julv 1995. Vol. 32 No. 4 bone deposition was observed on the palatal bone surface in the midline region of the palate. In the region of the formerly denuded bony areas, however, bone deposition had ceased at sites where membrane fragments, surrounded by their sheath, were adjacent to the bone. In a few samples, osteoclastic activity was found near the resting line. This resulted in an indentation of the palatal bone at sites where membrane frag ments were located.
Three weeks after surgery, at 15 weeks of age, in most cases the epithelial layer was continuous and a few samples still demonstrated inflammatory reactions with cellular infiltrates containing mostly lymphocytes and plasma cells. The epithe lial layer in this stage was thicker than in the previous one and a few villi protruded into the underlying connective tissue. The composition of the scar tissue was comparable to the previ ous stage except most of the thin collagen Type III fibers were replaced by thicker collagen Type I fibers.
The sizes and location of the PLLA fragments were the same as in the previous stages and the fibroblastic sheath was still present. In some cases, osteoblastic activity within the fibroblastic sheath resulted in bone deposition upon the PLLA fragments. In some samples, bone deposition at the edges of PLLA membrane fragments resulted in gradual incorporation of these fragments in the palatal bone.
Four weeks after surgery, at 16 weeks of age, the tissues were highly comparable with the previous stage. Epithelial conti nuity was evident in almost all samples and the mediolaterally oriented collagen Type III fibers were almost totally replaced by thicker collagen Type I fibers. From this stage on, the structure of the scar tissue remained essentially the same. The PLLA fragments showed the same features as described for the previous stage. The incorporation of the fragments in the palatal bone, however, had become more prominent since bone deposition was undisturbed in the regions where PLLA membrane fragments were lacking. In these regions with apparent bone deposition, Sharpey's fibers were observed.
Five weeks after surgery, at 17 weeks of age, no distinct dif ferences could be observed regarding the amount, size, loca tion, and fibroblastic sheath of the PLLA membrane fragments compared with the previous stages, but the incorporation of the PLLA fragments into the palatal bone had continued.
Seven weeks after surgery, at 19 weeks of age, not only were PLLA membrane fragments measuring 1 to 2 mm found, but also smaller fragments were present, the smallest ones mea suring about 10 pan. The fragments were clustered and located m ore m edially. T h ey w ere at le a st partly lined with macrophages and polymorphonuclear leukocytes. It was not clear whether the smallest fragments were surrounded by several macrophages or had been ingested by multinucleated giant cells (Fig. 10) . In the vicinity of the larger membrane fragments, many m acrophages with ingested particles of P L L A w e re e n c o li n t ere d. N o S h arpe y ' s fi be rs were p re sen t i n the vicinity of the PLLA fragments. Some samples showed direct contact of the PLLA membrane fragments with the palatal bone. At sites where PLLA membrane fragments were present, no osteoblasts were found on the bone surface. In the wmËm ÊkPY afc."
FIGURE 10 The smallest fragments were surrounded by several macrophages or probably ingested by multinucleated giant cells. Sudan black B staining, magnification 75GX.
adjacent areas, however, active osteoblasts were present and bone deposition took place, resulting in a further embedding of the PLL A membrane fragments into the palatal bone. Direct contact between the bone and the PLLA membrane frag ments, generally did not occur at these sites. Thirteen weeks after surgery, at 25 weeks of age, in all his tologic samples the membranes were totally fragmented. The larger fragments had disappeared and advanced disintegration had taken place resulting in fragments of about 10 fxm. In all animals, the PLLA membrane fragments and particles were displaced in a medial direction. Bone deposition along the palatal bone had ceased. In a few samples, osteoclastic activ ity was observed near the fibroblastic sheath of some PLLA membrane particles.
Twenty-five weeks after surgery, at the age of 37 weeks, the samples showed the same features as described for the pre vious stage. The disintegration of PLLA fragments and par ticles, however, had proceeded, which resulted in smaller and fewer fragments and particles.
Group LMI (n = 6)
Histologic samples of animals in which the membrane was placed 3 weeks after Von Langenbeek's surgery showed more or less the same features as those described for the animals in Group LMD at the comparable stages of 7, 13, and 25 weeks after surgery. During the entire observation period, however, the PLLA membrane fragments and particles were somewhat larger in size and shifted less to the midline region of the palate than in animals of Group LMD. Clinical wound healing was found to be somewhat retarded in animals in which the PLLA membrane was placed directly. Obviously, migration of epithelial and connective tissue cells over the PLLA membrane during wound healing is more dif ficult than migration over a bony surface (In de Braekt et al., 1991). Even after 4 weeks, inflammatory signs were obvious but, later on, wound healing was completed and a smooth scar tissue remained.
Histologic evaluation, in the first week after surgery, showed that some cracks had developed in the PLLA membrane. This might be due to manipulation of the PLLA membrane during the implantation process or because the animals received a hard diet during the whole experimental period, which could account for additional mechanical fracturing of the mem branes. This suggestion is supported by other findings (Leen  slag et al, 1987) , showing that relatively rapid strength loss occurred in applications that demand a rather high level of load bearing properties during the process of wound healing.
In our study, the fragments remained approximately the same size during the first 5 weeks postoperatively, but smaller fragments and particles were found later, indicating a more rapid disintegration than expected. In vivo observations by Helder (1988) showed that disintegration of glycine/DL-lactic acid copolymers, implanted subcutaneously in rats, could be described in two stages. First, the molecular weight decreased as a result of hydrolysis of ester bonds. As soon as the molecular weight of the polymer chains has sufficiently decreased, weight loss was observed and the degradation products, especially L-lactic acid, were dissolved by cellular metabolism.
After 5 weeks, the PLLA implants started to disintegrate and after 10 weeks, PLLA had almost completely disappeared. These results were highly comparable with our observations, although Helder used a copolymer with a lower molecular weight PLLA than that used in our study. This would proba bly account for the fact that almost all PLLA had disappeared 10 weeks after implantation, whereas in our study, PLLA fragments were still observed 24 weeks after implantation.
The membrane particles were surrounded by a reactive zone containing mainly macrophages. This is No indication was found that those cells passed through the micropores; presumably they migrated from the periphery. The fibroblastic sheath covering the PLLA fragments, however, appeared to influence the fibroblastic activity in the adjacent connective tissue, as formation of Sharpey's fibers was pre vented in that area.
In some cases, osteoblastic activity within the fibroblastic sheath was encountered, resulting in bone deposidon on PLLA fragments. This condition is also described by others (Hollinger, 1983; Hollinger and Schmitz, 1987).
Severance of Sharpey's fibers resulted in a temporary dis ruption of the attachment of the scar tissue. No reformation of Sharpey's fibers was observed until 10 weeks after they were severed, indicating that repair of the disrupted collagen fibers is taking place at a slow rate or not at all. Sharpey's fiber for mation was only observed at the wound edges. No Sharpey's fiber formation had occurred in the center of the denuded bony areas, which suggests that formation of these fibers starts from the edges. This study indicated that Sharpey's fiber for mation did occur locally in all animals before the transition of teeth had completed, which could account for the fact that no significant differences in dento-alveolar improvement were found after PLLA membrane implantation (In de Braekt et al., 1993).
C o n c l u sio n After immediate or delayed implantation, PLLA membranes disintegrated with similar tissue reactions. Despite this pre mature disintegration, formation of Sharpey's fibers did not occur at sites where PLLA membrane particles remained. This indicated that PLLA has a potential to inhibit Sharpey's fiber formation. Further research is necessary to develop a membrane that is more resistant to mechanical forces and which remains intact for a sufficient period of time.
